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Principal Geophysicist, Earth Sciences Group, Ebasco Services,
Incorporated, Greensboro, North Carolina

SYNOPSIS: The Charleston, South Carolina earthquake of August 31, 1886 produced numerous liquefaction
features.
To.date, over one hundred liquefaction sites have been identified. The characteristics of
these sites were determined, and compared to those reported for worldwide cases of liquefaction. The
findings of this investigation support the generally accepted models for the types of material and
the hydrogeologic setting that are required for liquefaction to occur. However in contrast to some
previous studies, these investigations identified relatively few liquefaction sites in Late Holocene
sediments. Rather, most liquefaction sites identified in the Charleston area are located in deposits
that are 100,000 to 200,000 years old. Finally, this study indicates that the depositional
environment plays a key role in determining the type of liquefaction failure.
INTRODUCTION

identified. This paper presents the results of
these initial characterization studies.

The Charleston, South Carolina earthquake of
August 31, 1886 (MM intensity X, estimated body
wave magnitude 6.6 to 7.1) is the largest
seismic
event to occur along the Atlantic
Seaboard during historical
times. The 1886
earthquake produced numerous seismically-induced
liquefaction features over a 600 square mile
area centered near Charleston.

CHARACTERIZATION OF LIQUEFACTION SITES
During these investigations, a total of 103
liquefaction sites have been identified in the
Charleston,
S.C.
area. Of these, 63 were
identified based on the authors evaluation of
historical accounts of the 1886
earthquake
(Dutton, 1889; Peters and Herrman, 1986), 28
were identified as a result of ongoing field
studies conducted by the USGS (Gohn and others,
1984; Obermeier and others, 1986; and Obermeier,
personal communication 1986), 4 were identified
during past field
studies
carri~i
out by
investigators from the University of
South
Carolina
(Cox, personal communication 1986;
Talwani written communication, 1986) and 8 were
identified by the authors during reconnaissance
field
studies
conducted as part of these
investigations.

Recently, investigators from the United States
Geological Survey (USGS) and the University of
South Carolina have conducted investigations of
liquefaction features associated with the 1886
earthquake.
During
these
investigations,
liquefaction
features
caused
by
large
prehistoric earthquakes of magnitudes similar to
the 1886 event have also been discovered (Cox,
1984; Gohn and others,
1984,; Obermeier and
others, 1985; Talwani and Cox, 1985; Weems and
others, 1986; and Obermeier and others, 1986).
Age dating of these liquefaction features has
shown the Charleston area has been the site of
at least four large earthquakes during the past
7200 years.
The estimated recurrence interval
for events similar to the 1886 earthquake was
found to be on the order of 1100 to 1800 years.

Each of these 103 sites have been located on
available geologic maps, county soil maps, and
topographic maps. Primary sources of geologic
data included Colquhoun (1969), and McCarten and
others (1984). These data were augmented by a
geomorphic evaluation of each ·site based on
1:24,000 topographic maps.
In addition, field
reconnaissance studies were conducted at about
one third of the sites. This information was
used to identify the age of liquefied materials,
depositional environment, stratigraphic setting,
soil type, hydrologic setting, and proximity to
seismicity for each liquefaction site.

If
the
recurrence
intervals
for
large
earthquakes occurring at other locations along
the Atlantic Seaboard are similar to those
documented for the Charleston, S.C. source, the
absence of a large damaging earthquake in these
areas since colonization does not preclude the
possibility of such an occurrence in the future.
Consequently, the
U.S.
Nuclear
Regulatory
Commission is presently funding this research to
determine if large prehistoric earthquakes have
occurred elsewhere along the Atlantic Seaboard.
Initial aspects of this investigation include
the documentation of the characteristics of
liquefaction sites and features located in the
Charleston area, and identifying the criteria by
which similar sites and features, which may be
located outside the Charleston area, could be
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Age of Host and Liquefied Materials
Age has a significant impact on the liquefaction
susceptibility of sediments. With time natural
diagenesis tends to compact sands,
increasing
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grain-to-grain
contact,
thus
reducing
liquefaction
potential.
Therefore,
younger
sediments are generally more susceptible to
liquefaction than older sediments, given the
same overall geologic, hydrologic and seismic
setting. Further, most investigators also note
that in general liquefaction potential decreases
as
the
percentage
of
fines
increase.
Consequently, chemical weathering, which results
in the alteration of feldspars to clay minerals,
increases the percentage of fines within the
sediment,
thus
reducing
its
liquefaction
potential.

Geologic Setting
Previous investigations have found that
in
general, loose sands (i.e. those with relatively
high void ratios) are more readily liquefied
than dense compact
sands. This observation
suggests that, all other factors being equal,
loose sands that are most often deposited in low
to medium energy depositional environments (such
as beach,
lagoonal and river terrace settings)
would be more prone to liquefy than compacted
sands deposited in high energy settings (such as
foreshore marine or river channel settings).

Based on published information, the age of the
host
and
liquefied
materials
for
each
liquefaction site in the Charleston area was
estimated.
The distribution of liquefaction
sites by the age of host materials is presented
on Figure 1. As illustrated approximately 90% of
the sites occur in materials that were deposited
during Late Pleistocene or Holocene times. These
deposits correspond to unit Q3 or
younger
materials as identified by McCarten and others
(1984), and the Talbert Formation or younger
formations of Colquhoun (1969). As illustrated
on Figure 1, the results of this study suggest
that materials older than about 200,000 years
appear to be significantly less susceptible to
liquefaction than younger deposits. Further,
none of the 103 SIL sites identified are located
in materials older than about 700,000 years.

Based on published geologic data, field studies,
and a geomorphological evaluation, the geologic
setting of each of the 103 liquefaction sites
was determined. The distribution of liquefaction
sites by geologic setting is presented on Figure
2. As shown, virtually all of the liquefaction
sites identified in the Charleston, S.C. area
are located in one of three general types of
geologic setting: 1) beach, 2) backbarrier, or
3) fluvial. As illustrated, approximately half
of the sites occur in beach deposits. Most of
the remaining sites are located in either back
barrier (lagoonal) or fluvial (river) deposits.
Very few (less than 4%) occur in other types of
depositional environments. As noted by Weems and
others (1986) and Obermeier (1986), liquefaction
features within beach deposits in the Charleston
area are most commonly found along the crests of
Upper Pleistocene barrier island complexes.
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Fig. 2
Fig. 1 Breakdown of Liquefaction Sites by Age ( yrs) •

Stratigraphic Setting

These
findings
demonstrate
that
in
the
Charleston area sediments significantly older
than Holocene are clearly liquefiable. This is
in contrast to the the results of some previous
worldwide
investigations
that
have
found
liquefaction
to be restricted primarily to
Holocene deposits. However, it should be noted
that
the
sands
that
have
experienced
liquefaction in the Charleston area are composed
of
at least 95% silica. Consequently, the
build-up of fines due to the weathering of
feldspathic materials to form clays is very
limited within these deposits. This may explain
why
these
"older"
sediments
experience
liquefaction.
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Breakdown of Liquefaction Sites by
Geologic Setting.

The locations of each of the liquefaction sites
identified during this study
were
checked
against the locations and logs for 2101 shallow
auger holes and 540 water and test wells in the
coastal plain of South Carolina. As'a result, 26
boreholes or wells were identified that are
located in relatively close proximity, (less
than 1
mile)
to
the
liquefaction sites
identified during this study.
The
authors
acknowledge that stratigraphy can vary widely
over such a distance. However, for the purpose
of this study it was felt that the extrapolation
of available information, in the absence of site
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specific subsurface data, could provide
information
regarding
stratigraphy
vicinity of liquefaction sites.

general
in the

NOT AVAILABLE (NA) (25.2%)

Most investigators agree that liquefaction is
almost exclusively restricted to sands or silty
sands. Data from available boring logs are
consistent
with
this
model.
All of the
liquefaction sites identified during this study
for which subsurface data is available were
found
to be underlain by fine to medium,
well-sorted sand, or by interbedded sands, silts
and clays. In all but one instance the total
thickness of these deposits
exceeds
three
meters. Where clay or silt beds are present they
are generally thin (less than one to two meters
thick). Conversely, the associated sand beds are
typically over one to two meters thick. The
depth of what have been interpreted as probable
source sands is, in virtually every instance,
less than six to seven meters below the ground
surface.

SILT (M) (4.9%}

SANO (S) (60.2%)

A widely
held
misconception
is
that
a
non-liquefiable confining layer, such as clay,
must be present
over
the source bed for
liquefaction to occur. However, results of this
study
found less than 20% of the borings
penetrated a clay confining layer above the
probable source sand. A significant soil profile
commonly refered to in boring logs as a "clayey
sand" is present at about one forth of the
sites, while at more than half of the sites no
confining layer is inferred from the available
boring logs.

Fig. 3

Breakdown of Liquefaction Sites by
Soil Type.

uses

Proximity to Seismicity
Each of the 103 liquefaction sites identified in
the Charleston area have also been located with
respect to the epicenters of the 1886 earthquake
and recent, instrumentally located, magnitude 3+
seismicity. The liquefaction sites identified on
the basis of historical accounts all lie within
40 km of previous seismicity. Most (over 80%) of
the liquefaction sites identified by current
investigators are
also
located
within 40
kilometers of the epicentral area of the 1886
earthquake.

All
sites
are
underlain at depth by an
impermeable, calcareous, phosphatic clay (Cooper
Marl Formation). This
formation is present
throughout most of the Southeastern Coastal
Plain of S.C. The depth of this formation was
found to vary between four to twenty meters, but
was about nine meters below ground surface at
most sites. In all cases the Cooper Marl is
below the units that have been interpreted to
have experienced liquefaction.

TYPES OF LIQUEFACTION FEATURES
In addition to identifying the characteristics
of liquefaction sites located in the Charleston
S.C. area, these investigations confirmed that
the morphology of liquefaction features in the
Charleston
area
varies
significantly.
Descriptions of liquefaction features reported
by
19th century investigators of the 1886
earthquake, as well recent investigations by the
USGS (Obermeier, 1986), and the results of this
study confirm that two
primary
types
of
liquefaction
features
are
present in the
Charleston area. We refer to these features as
sand-blow
explosion
craters
and
sand-vents/fissures.

Soil Type
Soil maps were available for about 75% of the
103 SIL sites. Each of these sites were located
on these maps and the host soil type was noted.
As illust~ated in Figure 3, over 60% of the SIL
sites are located in soils that are described as
sands or silty sands under the Unified Soil
Classification System.
If
percentages
are
normalized to include only those sites for which
soil information is available, almost 90% of the
SIL features are located in sands or silty
sands.
Hydrologic Setting

Sand-Blow Explosion Craters

Previous investigations
have documented the
requirement of
saturated
conditions
(i.e.
shallow ground-water table) for liquefaction to
occur. In keeping with these studies, the water
table is relatively shallow at
the
great
majority of liquefaction sites identified in the
Charleston area. At almost all liquefaction
sites the ground water table is less than one to
three meters below ground surface and probable
source sands are saturated.

By
far
the
most spectacular liquefaction
features associated with the 1886 earthquake
were sand-blow explosion craters. An example of
this type of feature is shown in Figure 4. As
described by Dutton (1889), typical sand-blow
explosion craters associated with the
1886
earthquake were about 0.5 to 1.5 meters deep and
3 to 6 meters across. The largest craters
reported
were
approximately
8
meters in
diameter. An extensive ejection blanket of sand
(up to 0.7 meters thick) extended for tens of
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to highly susceptible to liquefaction. This is
in contrast with much of
the
information
published that suggests Late Pleistocene age
deposits are in general much less susceptible to
liquefaction
that
Holocene
age materials.
Because the alteration of feldspars to clay
minerals increases the percentage of fines, thus
reducing
the
liquefaction
potential of a
material, feldspathic
sands
would tend to
develop more fines during weathering than clean
high silica sands of the same age. Consequently
it should not be unusual to find liquefaction in
"older" high silica sands such as those present
in
the
Charleston
area
while
"younger"
feldspathic sands in other areas remain stable
under similar levels of seismic loading.

deposits. This type of feature is generally
absent in beach settings, except where a thick
soil profile or claypan has developed on th~
parent sand.

SUMMARY AND CONCLUSIONS
The magnitude 6.7 to 7.1 Charleston, South
Carolina earthquake of August 31, 1886 produced
numerous
liquefaction
features
in
the
Southeastern Coastal Plain of South Carolina.
The United States Nuclear Regulatory Commission
is presently funding studies to characterize the
liquefaction
features
associated with this
significant historical earthquake.

In addition to identifying the characteristics
of liquefaction sites located in the Charleston
S.C. area, these investigations confirmed that
the morphology of liquefaction features in the
Charleston area varies significantly. While many
factors must play a part in determining the
morphology of a particular liquefaction feature,
local stratigraphy appears to play the dominant
role.
Field
observations suggest that the
presence or absence of a non-liquefiable unit of
the material overlying
the
source bed of
liquified sands and the thickness and clay
content of this unit controls to a great degree
what type of liquefaction feature forms.

During this study, a total of 103 liquefac·tion
sites were identified in the Charleston area.
Each
of
these 103 sites were located on
available geologic maps, county soil maps, and
topographic maps. In addition, a geomorphic
assessment was carried out for each site. Field
investigations were also conducted at about one
third of the 103 sites. These data were used to
determine the characteristics of liquefaction
sites in the Charleston S.C. area, and to
compare these characteristics to those reported
in the literature.

The
two
most
common
seismically-induced
liquefaction features observed during this study
were
sand-blow
explosion
craters
and
sand-vents/fissures. Sand-blow explosion craters
form as a result
of the explosive upward
movement of
liquefied
materials
and
are
associated with a concave upwards bowl shaped
"crater". This type of liquefaction feature
occurs almost exclusively where no significant
confining layer, other than a soil profile, is
present
over
liquefiable
sands.
In
the
Charleston area this local stratigraphic setting
is
most
commonly found in old beach and
near-shore marine
depositional environments.
Significantly, this type of seismically-induced
liquefaction feature is virtually absent in
fluvial sites, where interbedded silts, sands,
and clays are common.

The
great
majority
of seismically-induced
liquefaction sites located in the vicinity of
the 1886 Charleston, S.C. earthquake occur in
deposits that are either Late Pleistocene or
Holocene in age (4,000 to about 200,000 years
old). Materials older than about 200,000 years
were found to be significantly less susceptible
to liquefaction than these younger deposits.
None of the liquefaction sites identified were
found in materials older than about 700,000
years. Further, seismically-induced liquefaction
features in the Charleston area occur almost
exclusively in either beach, backbarrier, or
fluvia] deposits.
Among
the
three, beach
settings are the most favorable depositional
environment for the generation and preservation
of seismically-induced liquefaction features.
Virtually all liquefaction sites for which local
stratigraphic information
is
available are
underlain at least three meters of sand, or by
at least three meters of alternating sand, silt,
and clay beds. The sands are generally fine to
medium grained, well-sorted and have silica
contents in excess of 95%. The depth to the
probable source beds at these liquefaction sites
is in almost every case less than six to seven
meters
and
the
ground-water
table
is
characteristically less than one to three meters
below the present ground surface. Finally, all
of the liquefaction sites identified on the
basis
of
historical accounts of the 1886
earthquake and most of the liquefaction sites
associated with prehistoric earthquakes
are
located
within
40
kilometers of previous
seismicity.

In addition to the sand-blow explosion craters,
sand-vents/fissures were also found in
the
Charleston area. While the actual mechanism
responsible for the generation of this type of
liquefaction feature varies from site to site,
at many locales the mode of failure appears to
be one of lateral spreading. At these sites an
overlying non-liquefiable cap material appears
to have been transported short distances down
slope due to a decrease in friction along the
boundary between the cap and' the underlying
liquefied sands. In the Charleston area, the
local
stratigraphic
setting
most commonly
associated
with
sand-vents/fissures
are
interbedded
river
terrace
or
backbarrier
deposits.
In summary, these investigations support the
generally accepted models for the types of
material and the hydrogeologic setting that are
required for liquefaction to take place as a
result of seismic loading. However in contrast
to some previous investigations, these studies
found relatively few liquefaction sites in Late
Holocene materials. Rather, most liquefaction

The
characteristics
of
liquefaction sites
identified during this study are in general
agreement with information previously published
for liquefaction sites worldwide. A noteable
exception is that in the
Charleston
area
sediments as old as about 200,000 years appear
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sites identified in this study are located in
materials 100,000 to 200,000 years old. Finally,
this
study indicates that the depositional
environment may play a key role in determining
the type of liquefaction failure.
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